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November 28, 1977 .

i~ .,
tae 3ot J77 -
Mr. Edson G. Case, Acting Director ‘ ¥E;;‘G'§§?E PR CT
Office of Nuclear Reactor Regulation e i bl
. +U.S. Nuclear Regulatory,Commission . k6 . .. .. “(:;7nw C e e
Washington, DC 20555 : NS T A
Dear Mr. Case:
In the Matter of ) Docket Nos. 50-259
Tennessee Valley Authority ) 50-~260
50-296

Enclosed is a response to your letter dated November 18, 1977,
to Godwin Williams, Jr., concerning "Electrical Connector
Assemblies" referenced in the IE Bulletins 77-05 and T7-05A,
dated November 8 and November 15, 19TT, respectively. Also
included in the response is TVA's Justification for continued
operation of the facilities without creeting undue risk to
the health and safety of the public,

Very truly yours,
R : ~ . . . ”
A éc /?Z(/éé"‘é,\/

/F. E. Gilleland
Assistant Menager of Power
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RESPONSE TO NOVEMBER 18, 1977, LETTER
FROM EDSON G. CASE TO GODWIN WILLIAMS, JR.
"ELECTRICAL CONNECTOR ASSEMBLIES"
This respoqee:prqvideSuthe environmental qualification information

for the electrical connectors used in the Browns Ferry Nuclear Plant,

as requested by the November 18, 1977, letter from Edson G. Case to

) Godwin Williams, Jr.,.. which references IE Bulletlns 77-05 and 77-054, |

dated November 8 and November 15, 1977, reepectively. Also, this
response includes TVA's justification for continued operation of the
facilities without creating undue risk to the health and safety of the
éublic. This response is divided into the following: .
Part I ~ Identification of Systems, Components, and Associated
Electrical Connectors Required to Function to Mitigate
Design Basis Events.

Part II -~ Environmental Qualification of Electrical Connectors

Part IIL ~ Justification for Continued Operation




Part I
Identification of Systems, Components, and Associated

Electrical Connectors Required to Function
to Mitigate Design Basis Events

PRI P

.

Table 1 lists the safety systems and components required to function

to mitigate a postulated design basis event or accident outside containment.

P
A a1 - R TL P (K

:Those systens containing eiectrical connectors are 86’ designated in this
table, These systems or portions of systems and components have been
categorized as being either inside primary containment or outside primary
containment. Table 2 .lists those electrical connectors for each Browns
Ferry unit that are inside the primary containment and are a part of a
safety system as listed in Table 1. Table 2 identifies the electrical
penetration through the primary containment that each electrical connector
is located on, the type of connector, the number of wires to the connector,
the system whose circuits pass through the connector, the system component
associated with the circuits, and the function of the circuits. Table 3
lists thoseielectrical connectors for all three Browns Ferxry units that

are outside the primary containment and are a part of a safety system circuit.
Only those safety systems which are required to function to mitigate a
postulated design basis event or accident outside containment where the

event itself could adversely affect the ability of the system to perform its

safety function have been considered and listed in Tables 2 and 3.

For units 1 and 2, only one type of connector is used inside the primary
containment in the identified safety circuits. This connector was supplied
by Physical Sciences Corporation and is an integral part of the penetration.
it has 48 pins, has gold-plated surfaces on both the pins and the female
receptacles, utilizes a Neoprene 'O' ring as a sealing surface where the
plug shell and receptacle shell interface, and has the insulated conductors

potted in the shell. Both the plug shell and the receptacle shell are metallic.
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For unit 3, two types of connectors are used inside the primary
containment in identified safety circuits. These were supplied by
Bendix-~and: are similar to each other in design:
" Part No. 10-214636-78S or 2, i4~contacts'(2Nos.16, 12Nos.8);
. and Part No. 10-214628~51S or P, 12.contacts (Nos.12)

o gdju The types, of connectors.used outside of the primary containment in

.

- . o %L e
v oo 3, ] s AN

identified safety circuits are of various types as shown in Table 3.
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TABLE 1 |
SYSTEMS AND COMPONENTS REQUIRED TO FUNCTION- TO
MITIGATE DESIGN BASIS EVENTS
“"'I. INSIDE PRIMARY CONTATINMENT (* Denotes Syst:éms with Connectors) . - - - ==

. *Inboard Main Steam Isolation Valve Circuits SRR -
*Au‘\:o;na‘bic .Deéressu‘z:ization Relief Valw;'e Circuits
,*Inboara Conta:.nmenu Isolation Valve Circuits (See note 1)
ST *oxygen: dnd” Hyd:rogen Monitormg~$ystems SR e e e L,
*Suppression Pool to Drywell Vacuum Breakers
*Recirculation System Suchion and Diszhaz:ge Valves (See Note 1)
*Residual Heat Removal System Head Spréy. Flow Contxol Valves (See Note 1)
*High Pressure Coolant Injection System Steam Supply Valve (S?.e Note 1) ‘

*Reactor Core Isolation Cooling System Steam Supply Valve (See Note 1)

II. OUISIDE PRIMARY CONTAINMENT

A. Inside $econda.ry Conbainment (* Denotes Systems with Connectors)
*Main Steam Isolation Va.lv;a Circuits (See Note 2)
*Aubomatic .Depressﬁriza.tioiq Relief Valve Circuits (See Note 2)
*Conbainment Isolation Valve Circuits (See Note 2)

- *Oxygén’ and Hyd:cogenrMonifboring'Systems (See Note.2). e
h KV and 480 v Boards (See Note 3) '
Diésel Genera.tlons a.nd Process Au&:.l:.a.r:.es (See Note 3)-

I KV and 480 V System Circuits

250 VDC System Circuits _
Control Bay Ventilabion System Circuits (See Note u4)
Corner Room (Elev 519) Level Switch Circuits (See Note 5)

*Radiation Monitoring Systenms
*. Main Steam Vaulb

RUR oW EfLluent

nricew

O BCLluent

*,

*

1
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c.

".+¢.5 = Reactor Building Isola.t:.on.

TABLE 1 (CONT.)

Diesel-Generator Shutdown Board Room Ventilation System Circuits
(See Note 4)

*RCIC Circuits (See Note 6)

Circuits for Other Essential Systems (See Note 7)
%= Automabic Depressurization System
*~ Primary Containment Isolation

-~ ‘Containment Inerting

= Reactor Building Vacuum Relief
~ Standby Gas Treabnment
-~ RHR
- RHRSW ’ .
-~ RHR Roon Coolers _
-~ EECW .
- S . .
CS Room Cecolers
- HPCT ;
Reactor Protechion System (Excluding Neutron Monitoring Systém, Control
Reactor Building Closed Co&%‘.ing ?. e and Position Indicating Systems)
Fuel Pool Cooling
*. Reactor Water Cleanup (Isolation Function On:!y)
- Torus Water Level and Temperature

. Coxrt;rol Bay

Y

The con’crol bay env;ronmen‘b is contro].'!.ed. by the control bay ventilation

systgam. The enva.romnent for eq,u:.pmen'b within the con'brol bay is no more

severe dunng des:.gn basis events than that vo which it is exposed during
normel unit operations. :

Unit 1, 2, and 3 Diesel~Generator Shutdowvn Board Rooms
» The diesel-generator shutdowvm board :room environments are controlled

by the boaxrd room ventilation systems. The environment for egquipment
within these board rooms is no more severe during design basis events

than that to which they are exposed during normal unit operation.




TABLE 1 (CONT.)

cage 3 oL 2

Notes:

1., Connections at motor operated valves were excluded since these connections ‘
were qualified in conjunction with qualification of the valves ax;d
ass.ocia‘bed motor operetors.

2. C:.rcurbs for a.ny safe‘by-rele.ted componen'bs outside conta:.nment were

'_:.nvestlga.ted. In addrb:.on, circuits ou.ts:.de conbainment sexving safety-.
CTe rélate;.component:s wﬂchh ar;. El.oca'be.d.a’.n.s.lde co;rb”e;:..nn:e.nvf: x;;are 1nves-';-1g;1;ed.

3. _Failure of these components that are reg.uired. for onsite power
disbribution was analyzed previously. See "Concluding Reporxt on
thé Effects of Postulated Pipe Failure Outside of Containment for Unit 1
of the Browns Fexrxy Nuclear Plarrb"'.’ DED-TM~-FFL (Oc'gober 15, 1973) and
"Concluding Report on the Effects of Postulated Pipe Failure Outside of
Containment for the Browns Ferry Nuclear Plant Units 2 and 3" :
DED-TM-FF2 (March 1, 197h4).

. These circuits were investigabed for any extensions outside of the
control bay or shutdown board wooms into the boundaries of secondary
contaimnfant.

, » ... These rooms cgn‘?a.aj.p 'va.'bal HECI, 'RCIC,,a,gSh,‘ .and RHR equipment. The _
levél switch circuits investiga.t:ecl are thoge vhich warn of floocl::.ng
_mternal %o these. , TOOmSe., ;- C , . _

6. In terms of function and objective, 'bhe RCIC system’'is not actually a
safety system. However, with regard to engineering analyses,
fabrication, and erection processes, and quality assurance. conbrol
and documentation, this system received the same attention as the
safety-related systems., For this reason, RCIC was evaluated using the
same criteria as for the safety-relabted systems.

7. The investigation includes any wa.:!l sockets or well power outlets

asgociated with These circuits.
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n . Connector
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EB

EC

ED
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e .

g
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G2-2G -

at,
.y

G3-3G

Gh-lG

G5-5G

GT-TG

G8-8G

- G9-SG

",

-+ G9=-9G. -

J3-39

Gh-hG

G6~6G
GT-TG

TABLE 2

PLYG NO. 6448-2

UNIT 1 - PENETRATION CONNECTORS INSIDE .PRIMARY CONTAINMENT
MANUFACTURER - PHYSICAL SCIENCES, 48 PIN, NO. 12

RECEPTACLE NO. 6445-2

_+- Systen ,

e

Recircuwlation Discherge -
Recircwlation Suction

~..1, Recirculation Discherge:.

Relief Valve
Recireuwlation Discharge
HPCI Steam Supply

" RHR Head Spray

Recirculation Sampling
MS Drain
RWCU Letdown

Relief Valve

Main Steam Isolation
Main Steam Isolation

Main Steam Isolation
Main Steam Isoletion
Main Steam Isolation
Main Steam Isolation
RHR Letdown Supply

RWCU Letdown
s 1 .2

. Relief Valve

Relief Valve

;" Main Steam-Isolation

Main Steam Isolation
Relief Valve
Relief Valve

HpoE
0E .

RHR Letdown Supply
RCIC Steam Supoly

Drywell Equipment Sump

Mein Steam Isoletion
Main Steam Isolation

Comnonent Function
FCV-68-79. Logic
FCV-68-77 Logic
FCV-68-79, ‘Logic .
PSV-1-30 Pover
FCV-68-79 Logic

FCV-T3~-2 Logic
FCY-T4-78 Logic
FCV-43-13 Power & Logic
FCV-1-55 Logi

FCV-69-1 . Logic

PSV-1-~5 Sol Valve Power
FCV-1-1k  Logic

FCV-1-37 Logic

FCV-1-ll  Power & Logic
FCV-1-26 Power & Logic
.FCV-1-37 Power & Logic
FCV-1-51 Power & Logic
FCV-Th-U8 Power & Logic,
75-69-1 Logic

PSV-1-19 éowerd
PSV-1-3L Power

FCV-1-14 . Togic:

FCV-1-26 Logic

PSV-1-22 Powexr

PSV~-1-34  Power

HE 76-39 Instrumentation
OE T6~43 . Instrumentation
FCV-Th-U48 Logic

FCV-T1-2 Logic

FCV-TT-14B Power & Logic

FCV-1-26"
PCV~1-5L

Logic
Logic

Page L of 6

No, of .
Wires
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) ’ Page 2 of 6
o o TABLE 2 (CONT.) ‘ - '

"UNIT 1 - CONNECTORS INSIDE CONTAINMENT

‘Penetration Connector . " No. of

No. No,* System. Component = Function - Wires
,G8-8G  Main Steam Isolation ' FCV-1-37 Logic . 2
Main Steam Isolation ' FCV-~1-51 Logic 2

__'G'9-9G Recirculation Suction , FCV-68-1 ILogiec 7 .
Recirculetion Discharge: FCV-68-3 Logic ) 11

.
LR S DR

~ e = P

vy

T * e LN ~ T -_'“‘: "-."‘."« - "':-4": e . A g A . P N o =
« *The penetrations have connectors on both ends, only ‘the inboard connectors are
listed since they experience the worst environment. .
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g ' TABLE 2 (CONT.)

UNIT 2 - PENETRATION CONNECTORS INSIDE PRIMARY CONTAINMENT
MANUFACTURER - PHYSICAIL SCIENCES, 48 PIN, KO, 12
PLUG NO, 6448-2
RECEPTACLE NO,* 6445-2

o

Penetration ‘Connector ' No, of
" No. No.* : System Component  Function Wires

IB G2-2¢  Recirculation Discharge FCV-68-79 Logic 7
o . Recirculation Suction  FCV-68-77 Logic 7.

) .. . Recirculation Discharge FCV-68-79 Logic 2

W it "G3%3G " Reldief.Valve... ~ i+. ~;PSV-1-30 - Power-. . 2 e

' " HPCI Steam Supply FCV-73-2 Logic 7
GL4-4G  RHR Head Spray FCY-T4-78 Logic - 7
Recirculation Sampling ‘FCV-43-13 Power & Logic 5
Main Steam Drain FCV-1~55 Logic 7
RWCU Letdown . FCV-69-1 Logic 7
G6-6G  Relief Valve PSV-1-5  Power 2
'G7-7G  Main Steam Isolation FCV-1-1% Logic .2
Main Steam Isolation FCV-1-37 Logic 2
68-8¢  Main Steam Isolation FCV-1-1hk  Logic 9
Main Steam Isolation TCV-1-26 TLogic 9
Main Steam Isolation PCV-1-37 Logic 9
Main Steam Isolation FCV-1-51 Logic 9
RHR Letdown Supply FCV-7h-48 Logic 11
G9-5G . RWCU Letdown 78-69-1  Logic b

EC Gh-bG . Relief Valve . PSV-1-19 Power
“ Rel:.e:t‘ Valve . PSV—-1-31 Power

G9—9G - Main Steam Isolation “ I‘CV-l—lll- Logi"cy
Main Steam Isolation FCV-1-26 TLogic

A - Relief Valve . PSV-1-22  Power
E .* <. Relief Valve:... . . ' PSV-l-3k Power:
ED ~ J3-37  HoE o Hy E—76-E9 Instrumentation
. OB . . 02E-7 Instrumentation
EE Glh-lG RHR Letdown Supply FCV-Th-48 Togic
RCIC Steem Supply * FCV-Tl-2 Logic

G5-5C Recirculation Discharge FCV-68-3 ZLogic

\O N & = NP NN

G6-6G Drywell Equipment.Smnp FCV-77-14B Power & Logic .
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o TABLE 2 (CONT.). .

UNIT 2 - PENETRATION CONNECTORS. INSIDE PRIMARY CONTAINMENT

Penetration: Connector . : No, of
No, No, * System Component Function Wires
G7-7G Main Steam Ysolation "FCV-1-26 Logic 2
. Main Steam Isolation FCV-1-51 XLogic 2
; .68-8¢  Main Steam Isolation ‘“-“FCV-1-37 Logic 2
) . : Main Steam Isolation - FCV-1-51 .Logic 2
G9-9G Recirculation Suction  FCV-68-1 Togic 7
: ~_Recirculation Discharge FCV-68-3 Logic. 9

;
x % » . 4o ‘e . 4 s »e 2 . s .
. . . & o' W aY e WY B A .. o B P . .
L L I (TP S A N B Ly ) e RS . S e L, e ] -
P . « N D . -
.

" #The penetrations have connectors on both ends, only the inboard -connectors are
listed since they experience the worst environment.
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UNIT 3 - CONNECTORS INSIDE PRIMARY CONTAINMENT
MANUFACTURER - BENDIX

TABLE 2 (CONT.)

»2

Penetration Connectox . No. of
No, .No. Type System Component Function Wires
FA JL - 1 HPCI Steam Supply FCV-73-2  Power 3
J6 1  Reclrculation Discherge FCV-68-79 Logic 5 -
4 A ‘Recirculation Discharge FCV-68-79 ‘Pover 3.
Pt Réciroulation“Suction FEVS68-77  Power 37
° Main Steam Drain FCV-1-55 Power 3
J8 " 1 RWCU Letdown " FCV-69-1  Power 3
J9 1 RHR Head Spray ~FCV-T4-78  Power 3
RHR Letdown Supply 'FCV-T4-48 Power 3
EB a1 2 Relief Valve ‘ PSV-1-18  Power 2
-J2 2 Relief Valve PSV-1-41  Power 2
J3 2 Relief Valve PSY-1-5  Power 2
J7 2 Recirculebion Discherge FCV-68-79 Logic 7
J8 2 Recirculabion Dischaxge FCV-68-79 Logic 2
Suction™  FCV-68-77 7
J1L- 2 RWCU Letdown FCV-69-1 Logic -7
» RWICU Letdown ZS-69-1 Logi h
Jiz’ 2 HPCI Steam Supply - FCV-T3-2 Logic 7
. JL7 2% - RHR 'Head Spray "’ ‘' FCV-74-T8 ~ Togic 7
Recirculation Sempling FCV-43-13 Power & Logic 5
. J19 , .2 ., RHR Letdown Supply FCV-74-48 | Logic - S
Ja20 2 Main Steam Isolation FCV-1-14  Power & Logic 9
J2i 2 Main Steam Isolation FCV-1-26 Power & Logic 9
Je2 2 Main Steam Isoletion FCV-1-37  Power & Logic 9
; Ja3 2. Main Steam Isolation FCV-1-51L  Power & Logic 9
| J29 2 Main Steam Drain FCV-1-55  Logic 7
| . )
| 25 2 Main Steam Isolation FCV-1-1k  Logie 2
; Main Steam Isolation FCV-1-37 Logic 2




@ mwmereom) @ e et e

UNIT 3 = CONMECTOUS INSLDE PRIMARY CONTA LRMENT

penctration Connector . ’ ’ No. of
No. No. 1ype System - * Component J'unction Wires
EC J16 2  Relief Valve PSV-1-19 Power 2
J18 2- !Relief Valve - . . PSV-1-22 Powex 2
‘. Relief Valve PSV-1~34 Povex 2
25 2 Mein Steom Isolation  FCV-1-1%  Logic 2
- Main® Steam Isolation - - FCV-1-26 Togic 2
PO }-v‘t"_“ e v o gt -' \-P,“ R v, e Vet ‘; o, "“'.‘.;“ . n w - et e ( T T s R ;.‘- ot ’
ED 3 2 HaEE: - " HE-76-39  Instrumentation kb °
. © 02 OgE-76-43  Instrumentation 3
16 , 2 Main Steam Isolation FCV-1-26 Logic 2
Main Steam Isolation PCV-1-51 Logic 2
ER J1 2 Recircvlation Discharge FCV-68-1 Logic 7’
J2 o  Recirculation Discharge FCV-68-3  Iogic .9
J9 2 RHR Letdown Supply FOV-74-48  Logic h
J10 2 RCIC Steam Supply PCV-71-2 Logic 7
J1l = 2 Recirculation Dischaxge PCV-68-3 Power & Logic 2
J12 2  Drywell Equipment Sump FCV-T7-L4B Power & Logic 9
25 2  Main Steam Inolation FCV-1-37 Logt 2
. Main Stecam Isolation FCV-3.-5L Logic 2
' EF Jh 1 Recirculation Discherge FCV-68-1 Pouver 3
B .Recirculation:Discharge. FCV-68-3 Power .. -3
. J6 1 RCIC Steam Supply FCV-T1-2 Pouer 3
e g7 oL _'»Reci’r:c\b.ati_on-*nisc}:arge . FCV-68-3 - ‘Logice - 5

L, NOTE: Type Ll - Bendix Part No, 10-21k6356-78S or P, 1h Contacts (2Nos.16,. 12Nos.8)
Type 2 - Bendix Part Mo, 10-214628-51S or P, 12 Contacts (Nos.12)

2. NOTE: The penetrations have connectors:on both ends that are not part of the
pressure boundary, only the'inboard comnectors are listed since they
experience the worst environment.




System Function
Main Steam °
Line Rad Mon
Reactor Water Isolation
Cleanup and

Primary

Containment .
Main-Steam
Line Leak
Detectors & Pri
Containment

RHR Heat Exch Instrumentation
Disch Rad Mon .

Raw Water Instrumentation
Effluent
Rad Mon
Reac Bldg Instrumentation

Closed Cool
Water Effluent

HPCI Steam Instrumentation
Leak Detectors

RCIC Leak Instrumentation
Detectors

RCIC Backup .. Test , .
Control Center

Fuel Pool
Cooling. . -, . . e

*See Part II, Section C

Instrumentation,

Isolation: "+

Instrumentation

Page ' ot

CONNECTORS OUTSIDE: OF CONTAINMENT

TABLE 3

No. of Temperature Op
/ Devices/ Lnviron-
Unit Unit Manufacturer Type Design ment
1,2,3 4 Amphenol B2-816 350 300
1,2,3 2 Amphenol MS3106-A~20~4P 257 170
‘ MS3102~-A-20-~4S
1,2,3% % 16"~ - Amphenol’ 'i+¢ -+ MS3102-A=20~4F . : 257% . ..550 -
16 Amphenol . MS3102-A~20-4S
1,2,3 6 Amphenol UGi213/u 185 150
2 ' Amphenol UG932/u 350 150
2 Amphenol UG260/U 185 150
1,2,3 3 Amphenol UGl1213/U 185 150
1 Amphenol UG260/U 185 150
1 Amphenol UG932/U 350 150
1,2,3 3 Amphenol UG1213/U 185 115
1 Amphenol UG932/uU 350 115
1 Amphenol UG2§0/U 185 115
1,2,3 16 Amphenol 3106A~-20-4P 257 550
16  Amphenol 3102A-20-4S
1,2,3 16 Amphenol 3106A-20-4P 257%" 550
16 Amphenol 3102A~20-~48
1,2,3... .1  Amphenol 69~0B-18~15 257 11S
Rept 69-OR16-105-C100 257 115

Amphenol
- +» Plug. 69-6R~16-10P

A - “ » -
a " .
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Part II

Environmental Qualification of Electrical Connectors

Original Testing

The original qualification tests (i.e., pressure, temperature)

conducted on the Browns Ferry penetrations and. associated connectors-

O}

va o

e SRR A «

- oy - - » I I "'t v Tem e

were described during a meeting with NRC representatives on November 16
1977. These tests did not include qualification for the electrical
connectors for the environment resulting from a postulated design basis

event or accident outside containment.

v

Steam Environment Test

"These samples were taken from the plant stock of spares and were not

thermally or“tadidtioﬁipteageé. “Attachment 1 describes the test proce-"*

" environmental conditions used in ‘the test, the electrical loadings

Based on the discussions held during the November 16, 1977, meeting and
on the November 18, 1977, letter, TVA decided to conduct a preliminary
environmental test on selected samples of the electrical connector types
used in containment in identified safety systems to determine if they

could continue to function in a steam environment of a design basis event.

dures used, the connector samples tested, the test. facility, the
used, and the test results. The actual test conditions exceeded
those that would be expected in the case of an actual design basis
event for Browns Ferry Nuclear Plant. The electrical connectors

satisfactorily passed the steam environment test.

The purpose of this test was to provide a rapid agsessment of the

performance in a steam environment of the electrical connectors within

primary containment.




D.

Evaluation of Connectors Outside Primary Containment

The critical electrical connectors outside containment are those that
are associated with the main steam, HPCI, and RCIC leak detectors...;The uw.w.sz
postulated accident environment temperature can exceed the design

temperature of these connectors. These are identified in. Table 3 with an

. asterisk (*). ,These circuits are provided to- detect and. initiate isolation

signals in the event of a pipe break. Since the signal to initiate
isolation is set at 200° F and 1s well below the design temperature of
2;7° F for the electrical connectors, these connectors will have performed
their safety function before any potential environmental degradation.
These sensors and associated electrical comnectors are not required to

function following the initiation of the isolation signal.

Evaluation of Radiation Effects

The Physical Science and Bendix connectors were specified to withstand

a nuclear radiation of 108 R. ' In actuality, the threshold for damage

of organic materials generally is greater than 108 R, with embrittlement
beginning above approximately five times this value. The integrated
dose to affected connectors would not be expected to exceed 108 R during
the.timevintervalfin yhich they are needed following an LOCA, and the
exposure from operation to. the present time is extremely small by
comparison. Therefore, radiation danage to these connectors is not a

concern rélated to operation during the next few months. (See Item E).

Tests to Determine Qualified Life (Future Additional Tests)

TVA intends to establish the qualified life of all electrical connectors

both inside and outside primary containment used in safety-related







A
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clrcuits at Browns Ferry using the requiremencé of IEEE Standard 323~1974,
"IEEE Standard for Qualifying Class lE Equipment-for Nuclear Power
Generating.Stations." Type testing will be used to establish qualified
life with the.effects of thermal and radiation aging included. It is

_ anticipated that this portion of the program will be completed within

.90 9§Yé¥%~-t: 2

»1
4
1

sy,




At%achment 1 .

Dete  November 22, 1977Unit C0 T BFSTER No. 22 te

Vs
-
.
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3.

Material to be tested shall be: ' ) - . I

”“1 - 48-p1n connector Phys;cal -Science type contained 1n I

-LTest-Procedﬁrev-»-“,S%,;,m" W

_ BF STER 22
R <t 11/25/77

TEST PROCEDURE FOR BROWNS FERRY CONNECTORS o

Scope o e : - : : .

To test connectorsiused in electrical penetrations for

. units 1 and 2 at Browns Ferry and to test typical connectors

used for unit 3 at Browns Ferry for ability to withstand the -
steam. temperature pressure proflle resulting from a LOCA or
a pipe break._ . ; . . “l

-
2 [

i
electrical penetratlon type used for Browns Ferry
units 1 and 2 ] -

X

1l - 12-pin connector Bendix Corporation type 10-214-628-515
used on pigtails out of Browns Ferry unit 3 penetration

Test Setup |

Provmde an. envmronmental test chamber with dimensions capable
of containing the test specimens (see figure 1l). The chamber
shall be providad with a pressure, gauge and temperature sensors
for measuring the temperature inside the test chamber.

3.1 Connect the pins of the connectors with wires so as to
- - form a series parallel circuit which will give -a voltage
gradient within the connector as well as simulate a load
(see figure 2)

The circuit. shall be loaded to approximately 5 amperes
and a voltmeter and ammeter shall be connected to the
load. . e

- » -
* -, x g v L S P

4.1 " Verify the initial status of the penetration connector
and the separate connector for voltage integrity. Megger
. 'pin to.-all: other: pins and shell combined., Check for.
" current continuity’through the connector.

" 4.2 Energize the connectors from a 250 V dc source. Bring .

the env*ronmeneal chamber to the initial condition of
150 'F.

4.3 'Admit steam into.the environmental chamber at flow

condition so as to achieve a stabilized temperature

of 322°F. Hold this condition for S5 minutes. Record

all voltmeter, ammeter, pressure and temperature readings
at each major change in profile and each hour.
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4.4

4.8

- 24 hour51nto the test. The profile curve is figure 3.

»
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5.1
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. BF STER 22 .
11/25/77 )

TEST PRQCEDURE FOR BROWNS'FERRY CONNECTORS

.Reduce pressure at 0.7 lb/minute to ‘reach 36 psig

and 282F in 60 minutes. ' Then drop the pressure imme-
diately to-15 psig (apprximately 250F). Thereafter
reduce the- pressure at 1.0 lb/hour until atmospheric
pressure is reached at 16 -hours- 1nto~the test (212F).

3
Thereafter drop the temperature at 7%°F/hr at’ >
atmospheric pressure until 150°F is reached- after '

o -"-’:..'_: L .‘:’,_..-; s. .- t'_j - . ) ' ‘.‘ R . ll
I
The connector shall carry the required load at not more

than 10% reduction in voltage 'after the full duratlon of
the test.
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Acceptance Criteria Met Zg{S

‘Yes No

R ) B . : ’ ‘,' ’
Instrument Calibrat:ed /ZZZ&VQ }7%/\/ ///7\5-/79
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7

co e

Data Takexrs/Organization ] ,E};;,,;;»VC/ (34/
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' /77 /& %n(f/»\qjvlf 24 /C'"ﬁ>

/cf‘lv"h /«4( /an"( - D72 ("a?l-e« )
ke _%72,,,(, PPP Crs?)
. ;)Oe 6"*¢J/é/ y DAJD
‘ Dat;es Test Performed /517 (?/7'7 — /{Z;f";/U

, 4//
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/-.-»/»/1

. R )
. 7
Reviewed by Results Section Sunerv% (dr-d C &»‘-‘v(mwym i L,

Reviewed by Quality Assu*‘ance Supervisor ,’ ~7:LJQA,W‘QIJ-’I’§T
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TEST DATA/BROWNS FERRY CONNECTORS . )
- ¥ - et f
. %%/ Pin Connector : &Mﬂ/g Model Number ;
STEP * TPEM - - - RESULTS BY/DATE _
. 4.1.a . 1Verify propex: hook up for conneccor R )4 D /é-,
’ ~ (test item #2, flgure 2 for 48-pin - Verified 7~
et connect:or, test’ item.#1, figure 2, for - . s ..
12-pin connector) ) g ) ii
l
4.1.b Megger Pin t:o all pins and shell 7 fs X[Qq Ohms l
’ combined ) ;
' q :
pin to shell £¢&/O Ohms :
4.1.c " Verify current continuity L~ OK- 'l
4.2.a Energize connector from nominal 250 viC o 105
. source (verify) v oK jé’/z— / 7
Ver:.f:.ed”
4.,2,b Load voltage 247 O vVolts f<ly 2
4
4.2.c Set load for connector so as to give ‘\\
load current of 5.0 + C.5 amps (initial . i
values) 4. 7S Amps ”—7’] /2,
* x QC/ .
4,2.d Initial test chamber pressure O psig /LL /4
and. temperature ° . fferified
RO o L e op. . U
4.3.a " “Adnit steam, bnngmg temperature to - 2 & psig DRI It
. 322 + 5° F, Verified
Also note start time of the test (to). 322 oF, .
O: 4571 £ Start time
4.3.b Stabilize temperature g.nd pressure at [0z 5009 time (}11‘;2,’/// fui
322 + 5° F. Verified °
4.3.¢c When stabilized, record load current and 4. 76 amps '}'7;45-’.’/)7 s
_— - voltage. . qc ‘
Load' 24§ volts
Input 2.5/ volts
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u.Connect:or’ ‘;'?t-z y /52»7:&4)/

. STEP ITEM

4,3 (Continued) ’ -F
4.3.4 Mantain in stab:.lued condition~for
5 minutes; record load current and |
t voltage at end. - | . -, Load

. . : . - Input

‘RESULTS

L. 97 Aumps

24-7 Volts
2 SO .Volts
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Connector iz &g’ g o )
STEP ITEM RESULTS BY/DATE. :
4.4 ;¥
i
.4.4.a ° Reduce pressure at 0.7 psig/ ;
. minute to 282°F at 36 psig ‘
_'ﬂ in one hour; record initial ] ‘ 72%7
: load current and voltage. /oSS o4time 0 7)7 g/zzi
i o " _4 & anps verified
.- e ! load 242 2 volts
.o : A DR R " 'input , 25 volts - e
Repeat at three § : ’
minute intervals 4c23s time 7// 0 7/7 [1./2: /s
§ . 4. < | _amps verifaed R
;- . load volts
input 25/, Vvolts
- . - Jh07:35 time .;ZQZQ? Jileste
4. 4-anps verified T
load 3. 7volts
input 2577 volts
o : /1022238 kime /7770 7” /m{u
. ¢ 3 amps verified
load »¢5 5 volts
g input ~.50 vVolts
~4.4.b Drop pressure imnediatelf to
150 psig. Record load current .
‘ahd/Voltage: -+ O e .
S'l»o4/J by 250° l" /5/7.-«7 . /Z Q /
/2:0l _time J)Y 22/ Z /.
,;095%‘f7?7??l» e . 7% amps verlﬂled
S I S e BT T Y Joad gsls volts '
:mput 2¢/ Volts
4.4.c At hourly intervals; reduce

thé pressure by 1.0'% 0.5psig
. Record time of pressure
reduction, new pressure (psig),
load’ current and volt ce. Repeat
sfor 15 hours until 212°F at
atmospheric pressure is
obtained.
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4,1.a Verify. proper.hook.up. for connector el OK 208 /ff,_
(test item #2, figure 2, for 48-pin Verified
. connector;. test. item' #1, figure 2, for : . o/ y
~&limn o Vddd
12:pin connector) C g s ;.é shew:
4.1.b Megger: pin to all pins and shell L_&\’LD___Ohm d:c djh'/:f;‘:m\,li
2 et
combmed » Pon N Elime et «
Pin S o
pin to shell '3o20/Y0 Ohms PN ;“-L
. ) Civc
4,1.c Verify current: continuity - OK- <§Id2::.4 ,,A<o)
4,2, Energize connector from nominal 250 VDC . o
source (verify) L~ OK dsy 1%
: erified
4,2.b Load voltage 2 J- 2 Volts 253 4 -
4,2.¢c Set load for connector so as to give Pl
load current, of 5.0 + 0.5 amps (initial ) . OE
values) 4.53  amps 7/’%7/// m,
.QC’
4.2.4 Initial test chamber pressure C) psig D992 ]t
and temperature Verified
- R P ‘ ‘
. &.3.a" "Aémi,t- steam,.'bringing- temperature. to. 2 & psig
. ' 322 + 5° F,
E . Also note start time of the test (tg). 322 °F.
/O¢s r {4 Start time
. . - e
4,3.b Stabilize temperature and pressure at /0501 0! time b A
322 £.5° F. . . /Verified
4.3.c then stabilized, record load current and 4. T3 amps /,7/7;{?;’5’1’ /.'_’.'
. voltage. . QcC
Load 24¢-2__ volts
) Input 2SS /  volts
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4,3.4d Mantain in st;abilized condition for 4.52 {sim.ps h 7 DY | 17

5 minutes; record load current and

‘t voltage at end.
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Load 22 Volts

‘Input 2.5 C Volts .
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4.4 N
.4.4.a Reduce pressure at 0.7 psmg/
minute to 282°F at 36 psig .
** 4n one hour; record initial’
load current and voltage. /ossco f-time.
. P s . _4.5£2 amps
3 L ‘load. ;Eglx_yolts
, sove . TQ st [ N s 5 ", v ! 2:'..l *lnpuL_ volts
Repeat at, three 5
minute intervals o235 time
g . 4.5 { amps
; load 2#2. ¢ S5#2. /7 volts
= input 947 volts
/7-07: 3 time
’ L SC _amps
load 432 Volts
. input - 2u°¢ volts
/1242335 time
. 4.2 ¢ anps
r load aqu,volts
. AN input’ _25°¢<; volts
i ) e
\ L] ’ x4 L)
~<4.4.b Drop pressure immediately to ’
. 150 ‘psig. Record load current
2 -'an37boltage.w n-%csﬂwk@a?.
* Shoeld . ém. 250, /2 :o(:00tine
s P N - amps
""" o fb - FooT e .load g«?& volts .
. ’ - lnput 25 [ volts
A .
4.4:c At hourly lDtE“VulS, reduce

the pressure by 1.0 * 0.5psig
.Record time of pressure
reduction, new presonve (psig),
load current and voltad Repeat
for 15 hours until 212°F at
atmospheric pressure is

_obtained.

E:EJ




P R el L ww e B

' Connector . (’;w.a‘/’&/‘/

STEP ITEM

(S . e

RESULTS

—'2652: 1L -’“!'
BF STER 22 ¢
11/25 /77

B4/ DATE

4,4,.¢ (Continued)

. ,
. ¢
L I
. ok *
s
. s
.
.
H
.
¢
-
-
3
-
~
L]
L)
-
5 s
s M
.

-t

Input

Load

* Input

2@:13 10/ 3
/4-
4.29
ioad ‘24'2/ 4"
250
Y e X AT &
/3
G 5O

2 4-3. 34/
250

fnpu t

/T ro2 /9 T

/%. P

£ 27 A
2¢L 86 v
250 V
[6:05:2¢. 1
_ /0.4 P
2.77" A
94/:77 ¥

Load

Iaput

“Load
Input

_/7.’06’.’24 T
/0.0 P
77 A
22

Load ==
2.7 Y

Fuslz T
.G - p
78 A

. load FH232 v

Input 2S5 v

<la > w o ald’la Yo W s

2454 V.

/)’,?_ J o0

j 'S5/ //zfi

I3
a
L]
) [

//O.é/% } 1/

FZ’-"M . / /’/.'(-’

Wze/77

ot Y4




sarem  awVas: - . PR 2

o Conncctor

P v wm

S e

"ITEM

. . .
- o ., . - hd -
PSS PR LN H
. % sefiae e a0 T o e
. u - .
. . * .
. »u' - - ..'
- . . .
- . « EYY . .. .
. - [ . v
.
.
[

RESULTS

rr oL &2
11/25/77

BY/DATE

.+ STEP

4.4.c (Continued) ot st e

P e e - e

. @
.

Input ¢

«
. C .
@ sy
B

e . . ., . .
o, eyt PO PN e a. . s
e et 3 O £ == v W

*
"

‘. . . . e .
i [ -
.

-
.

3
-

" Load
Input

Load

*Input _

-~

f"'“"*m coPY

. ) <. ‘Load
. ) ’ * Input

r /74"051’2%’]_‘ i

-

Y :" 4’7@
ooy L o Load D),y

22PN

&2

7 _ ‘//./?':é

S
A [

1 205 29T

- 2305129 T

249 V. . -’,’

IR
429 |
A0, e v :
A4 G v . - ;

Al'05:24 T
Y2 P
z/'7S/ A ..._- .

242,0 v
RS V.
ARTDSIZY T

5 P

0‘

41 7</ A
. il

A492.0- v

AsC 2

7;’} /\/ ik
7

773 /<L [ <4,
¢f P - A
475 4

-:Qq/' < V‘ ) - »
LRGSOy

Go!os:29 T
3 P
9{77 A

'RY05 W
2 50

.2 :fJ / \/ [‘/_'Z_




—’ © cosanratmaces ot Yakrd e mnale e med m alTement e D R TSP S o | . es - . . ;

. : ® - o ' F oTER 22

et 125777

. . o LT . . . ST
. Y - 4 S (S
Connector_ﬁzé_éu_ﬁfoﬁj - . o oL Y .
STEP 11EM’ . RESULTS BY/DATE
4,4.¢c (Continued) l . ) ' Jy 2 S 2T 7;9- /( ////:2';

o o . . . . . .
. ’ ‘ l . ) 22 - P
i .
}

S

L1 ..
_ N L 4. 7237 A
v " Load _ 2Y92'Yy

. o i .oe N O N N ) .
" © ' 7 " Input 252, -y’
i ' ; 20241 1A o, i/
C y : . [} P ,‘
. 177 A ;
o ) ._ . Load 27 v
Input 250 i v
‘ /
; 3:¢s:29 . TAK i
: 7
O »
; " ‘/. .78, A ]
H 4,
: Load 292" y.
{ . Input 250 v )
: ) L _‘\‘-;. O ) - L[ \ l 'p/ /
; o ’ /Vcnl /Oe w \ /
: ) . P .
§ -. $i.0 w4 Pa 2 e . l’ -0 . ‘./ R :.- : L u AEY] ] . PR R
. A Load v

4.5 At hox.rly m.ervuls, reduca
{ oo temperature by 7%°F/hr, Record

m=e=n
time of temperature reduction, @ﬁ“FU@aAL @@PX .
new temperature, load current . : U ﬂd .
and voltage. Repeat uncil 150°F

is reached arfter 24 hours into
the test,

wndie




el 220 el UM i

it e O PSP A e A Bt P
.

i Mt LA

e

-

>

o i it 207 s

.

" . .Connector ;f_mbe

- 2w e - .
B C8 s eadium) MOresmIan At Gemtais & S48 IN wpie | dem e @ 8 LR e, G Y r—
. = . .

STEP" ITEN . R

“r o s

RESULTS

s s e o

.
. . . .

.

.
.

. - ’ !
oL

. . . .

. .
. .

Y AS

11/25/77

BY/DATE

s

4.5 (Continued)

— & -

Toad
Inputw

»

- “", ioad
Input

.-". )
" . "Load
- ' Input
1t
s
- e P . "‘Load-
'“ Input
v s
Load
*Input
D'V«
." -Jn" ‘
O f-’ 3 L @Uz’

... T e«" v ‘load
L ' " Input

105 29T

20 Y 'Frenp

G4.76¢ &

242.6v

250 .v.

T os . 05'29T

/96 /' témp

. Y, 77 A

29/1,7 v
RSO V.

05:05: 24T
® /=" temp /

/88
4.7%

242 .2 v
R47.0 v.

A

.. O’?Eog::zd— T

= temp

/'8
47§A

2227 v
2S¢ v

4.27

241, . ¢ v

v

28 o
of/eOS-‘:Qv’i T

l.é C-.' s E temp ¢

477

a2 did v

Riq. IV

A .

A

TR K 1.1

>

s
:
/

[ 21,
/

g

..
. ...——-_......-' “e
X Tt
;
° - -
: .







s seeAr A et amms e r W AV i erma

e s ew

R A T Y

-

Cc;nnec tor '/7Z, (4 EU‘L??)A/

s caew e AR € At G @

‘ .
.
-
.

RESULTS

STEP ) ITEM

4,5 (Continued) . ‘

¥ oma mg oman st -

-

; 27211022529 T
: [LO temp
. A28 A
Lload _ 242.30 ¥

.

e : -‘..-.‘- mp‘;t‘ "v‘n:.z‘b’O ‘o ! V._.

BRIyl SZ T
e /5T __temp
_: S 7% A
Load 2%(.6Z W

. Input _Z2¥EF ¥

QY Inspec.t:or/D 4

"“page 15

BF STER 22
11/25/77

BY/DATE
D702 _Lutev:

et

!

4

}

!

|

s
éjé:'—l’!ﬂ /

///2 I

@W *@M @@DY | /

Test Engineer/Dace

Test Data Verif:.cat:.onw //77/?777/456A e %/%7 £ g/y’ [///\,LJ ’-/‘27,?7




® ®

- Part 111

Justification for Continued Operation

TVA ‘congsiders the tests and evaluations described in Part II sufficient
to permit the continued operation of the facility without creating undue

‘riék to Ehé health and safeé& of the bublic.for theﬂgeribd it will take

PR . v 2 .t

.to fuliébeﬂ;iééggght;ii§quafi}§:ghé Eéﬁhéét&rs: "This ﬁbsition 1s based
upon the low probability of the events that produce adverse environments,
the supplemental, testing. that demonstrated that the connectors within
containment can continue to function in a postulated steam environment,
the short time required for critical connectors outside containment to

function before exceeding their design temperature, and the connector

resistance to a radiation environment.







